Maintaining low nitrite concentrations in aquatic systems is a major issue for stakeholders 10 due to nitrite's high toxicity for living species. This study reports on a cost-effective and realistic 11 approach to study nitrite dynamics and improve its modelling in human-impacted river systems.
this time period, the first discharge decile is 90 m 3 s −1 (discharge lower than this value 10 2.4. Nitrification model ( C-rive) 149 The nitrification processes in the incubated water samples were simulated with the C-rive 150 model (Vilmin et al., 2012) , the stand-alone version of the biogeochemical module of the ProSe 151 hydro-ecological model (see section 2.6). C-rive is an adaptation of the rive model (Billen 152 et al., 1994; Garnier et al., 1995) , which mimics carbon, nitrogen, phosphorus and oxygen 153 cycling in river systems. Living species involved in these biogeochemical cycles, as nitrifiers, 154 are explicitely represented. The nitrification process has recently been detailed in rive and 155 C-rive models, including the appearance of nitrite and nitrous oxide intermediates (Cébron 156 et al., 2005; Garnier et al., 2007; Polus et al., 2011; Vilmin et al., 2012) . 157 A brief description of the formulation used to describe the nitrification processes is given 158 here. Description, unit and fixed value for parameters and variables are given in Table 1 . 159 The evolution of nitrifier biomass [BN] i,j is determined by nitrifier growth and mortality, and 160 depends on temperature, NH + 4 or NO − 2 , and O 2 concentrations (Eq. 1, as described by Polus 161 et al. (2011)).
i is the index referring to the nitrifying community, i.e. ammonia oxidizers (AO) or nitrite 163 oxidizers (NO). j is the index refering to the sample location (river water or SAV effluent).
164
Note that the sedimentation velocity V sed,i is set to zero for the simulations of the incubated 165 water samples, as these samples are agitated during the experiment. 166 Growth rates of ammonia and nitrite oxidizers (µ i,j ) are calculated according to the following 167 equations 2 and 3 (Garnier et al., 2007) 
with a temperature dependance described by the following equation (Polus et al., 2011) :
The quantity of consumed ammonium, nitrite and oxygen depends on growth rates µ i,j , 170 nitrification yields Y i and nitrifier biomass [BN] i,j according to the following equations (Eqs. 171 5, 6 and 7).
where DIN cons and DIN prod are NH + 4 and NO − 2 for ammonia oxidizers, and NO − 2 and NO − Fig. 3a ).
193
• NH + 4 and NO − 2 oxidation occured simultaneously. NO − 2 concentration therefore did not 194 reach the maximal value of 14 mgN L −1 (see SAV water sample, Fig. 3b ).
195
In the first case, one single incubation was needed. Growth parameters and biomass of 196 ammonia oxidizers were first fitted from the beginning of the batch experiment to the 14 mgN 197 L −1 NO − 2 concentration peak (first 8 days, see Seine River water sample, Fig. 3a ). Nitrite 198 oxidation was then fitted until the end of the batch experiment (days 9 to 15).
199
In the second case, the non-inhibited incubation did not allow identifying ammonia and 200 nitrite oxidizer parameters separately. An additional incubation, inhibiting nitrite oxidation, 201 was used to determine biomass and kinetic parameters of ammonia oxidizers. Using the values 202 obtained for ammonia oxidizers, biomass and kinetic parameters of nitrite oxidizers were then 203 determined in the non-inhibited batch. During this calibration of nitrite oxidation, a dimen-204 sionless acceleration factor (r AO ) of maximal growth rates was used for ammonia oxidizers. This
205
factor was used and justified by the fact that nitrite production was slightly lower in inhibited 206 compared to non-inhibited batches (see SAV water sample, Fig. 3b ), most likely due to higher 207 mortality rates of ammonia oxidizers or to lower maximal growth rates in the presence of the 208 inhibitor. A similar factor was used to account for increased degradation efficiencies of organic 209 carbon under oxic versus anoxic conditions (Canavan et al., 2006) . The nitrifying growth parameters and biomasses obtained with the procedure described 212 above were implemented and validated in the ProSe hydro-ecological model to simulate nitri-213 fication dynamics along a 220 km stretch of the Seine River for a 6-year period (2007) (2008) (2009) (2010) (2011) (2012) .
214
The domain started 10 km upstream Paris down to Poses at the entrance of the Seine Estuary as boundary conditions. Anthropogenic pressures (WWTP effluents, combined sewer overflows and dry weather effluents) constituted point sources in the model (Even et al., 1998 (Even et al., , 2004 (Even et al., , 2007b .
219
The ProSe model simulates the hydro-ecological response of a river system to point sources 220 or diffuse pollutions, in steady or transient states (Even et al., 1998 (Even et al., , 2007b Flipo et al., 2004) .
221
It is composed of three modules, which compute hydrodynamic, transport and biogeochemical 222 processes, in the column water and the benthic sediment. The ProSe model has been applied 223 successfully to several case studies in the Seine River basin (Even et al., 1998 (Even et al., , 2004 (Even et al., , 2007b Flipo 224 et al., 2004 Flipo 224 et al., , 2007 Polus et al., 2010 Polus et al., , 2011 Vilmin et al., in press) and in the Seine Estuary
225
( Even et al., 2007c) . The role of benthic sediments has been recently improved by recalibration 226 of the sediment erosion processes in the ProSe model (Vilmin et al., 2015) .
227
In addition to nitrification (described in section 2.4), the model simulates the fate of am-228 monium via heterotrophic mineralization of organic matter and phytoplankton uptake. Nitrate The distinction between low and high discharge conditions was based on the daily discharge 244 measured at the Paris gauging station (Fig 1) . Discharge rates lower and higher than 205 m 3 s −1 245 (median discharge rate for the 2007-2012 period) were defined as low and high river discharge 246 conditions, respectively.
247
Finally, nitrogen budgets were derived from model outputs for low and high water discharge conditions over the simulated 6-year period. Nitrogen stocks were calculated in two compart- (1.5-2 mgN L −1 ) and K N O − 2 ,j (0.3-10 mgN L −1 ) are summarized in Although simulated times series were validated with weekly monitoring data (Fig. 4) A simulation with no nitrifying biomass in the SAV effluent was performed to mimic the 329 implementation of effluent micro-filtration ( Fig. 4) , 1999b; Brion and Billen, 1998; Cébron et al., 2003) . This suggests that the release of 347 nitrifying biomasses related to WWTP effluents must be considered, when microfiltration, chlo-348 rine or ultraviolet radiation is not performed at the outlet. This biomass must be characterized 349 depending on the treatment applied in WWTPs.
350
In addition to biomass estimation, our method enables the determination of kinetic parame-351 ters and can be applied to any riverine ecosystem. These parameters are necessary to calculate 352 the nitrifying activity, which appears to be more important than the nitrifying biomass it- (Table   368 3), might rather be explained by other reasons e.g. species competition, or limitations other 369 than nitrite.
370
Our results bring complementary information on the difference between river and WWTP- is thus validated which is in adequation with the deterministic approach generally used in river 391 modelling.
392
As modelling is based on initial assumptions, it is essential to use identical initial assump-393 tions in stand-alone models and fully coupled hydro-ecological models to achieve a good param-eterization of ecosystem models. In our case, we used the same initial assumptions of constant mortality rates, yields and temperature function parameters during the fitting procedure in the 396 batch model (C-rive) and during the 6-year simulation performed with the hydro-ecological 397 model (ProSe-C-rive).
398
Our approach could be applied to any river system, using an hydro-ecological model which Our results confirm that effluents of advanced WWTP constitute a significant source of 416 nitrifier biomass to river ecosystems (16-76 %, this study). Our approach allows the study of 417 biomass evolution for the two distinct nitrifying communities (river and WWTP) along the 418 river. For the 2007-2012 period, the nitrifying biomass (whatever its origin and specificity) was 419 stable during its transit towards the estuary at high water conditions (Fig. 6a) , indicating that 420 nitrifying biomass was mostly transported downstream, without noteworthy net growth. At 421 low water conditions, the biomass of nitrifiers flowing from the WWTP increased (Fig. 6b) , 
